Abstract. The investigation of the influence of CdCl 2 different concentration (20, 50, and 100 M Cd) on germination of seeds and growth of germs of winter wheat (Triticum aestivum L.) has been carried out. The effect of Cd 2+ ions on lipid peroxidation and antioxidant system function of wheat shoots cells has been also studied. Cadmium concentrations and cultivar-dependent response to Cd were assessed. It has been shown that Cd treatment caused inhibition of length increase in shoots as well as increase of lipid peroxidation rate (MDA level) and lowered catalase activity. On the other hand Cd-induced oxidative stress was indicated by the markedly increase of guaiacol-peroxidase activity. The role of plant age on formation of biosystem reaction was also discussed in present work. The very high peroxidase activity in wheat shoots may be an important part of Cdresistance machinery of wheat. The obtained results indicated that Cd-tolerance of wheat may be related with the activation of the antioxidant system to avoiding the toxicity of heavy metal.
INTRODUCTION
Metal contamination of soils has become a worldwide problem and great environmental threat, as these metals accumulate in soil and plants in excess, and enter the trophic chain, where they may pose serious threats to human health. Heavy metals are considered as major environmental pollutants. When these are present in high concentrations in soil, they show potential toxic effects on growth as well as development in plants (Titov et al., 2007; Solanki et al., 2011) .
Cadmium (Cd) is one of the most toxic heavy metals with no biological function. It is readily taken up by roots, probably in competition with other divalent ions, and restricts plant growth and development (DarSorso et al., 2010; Irfan et al., 2013) . Cadmium is well known for its phytotoxicity, which is associated with number of morphological, physiological and biochemical events (Wahid et al., 2009; Gill et al., 2011) . It has been suggested that growth inhibition by Cd is due to a direct effect of Cd on the nucleus or interaction with hormones, and in the aerial parts of the plants, it is due the inhibition of photosynthesis (Sharma et al., 2014; Mohamed et al., 2012) . Heavy metals cause molecular damage to plants, either directly or indirectly through reactive oxygen species (ROS) formation. Although the mechanism of metal damaging action is not clearly understood, there is increasing evidence suggesting that, at least in part, metal toxicity is due to the oxidative damage (Halliwell et al., 1999; Gill et al., 2010; Mohamed et al., 2012) .
However, Cd is a non-redox active metal, but it induces the generation of ROS including superoxide radical (O 2 .-), hydrogen peroxide (H 2 O 2 ) and hydroxyl radical (OH . ) (Khan et al., 2007; Ahmad et al., 2009) , which has to be kept under tight control because the presence of Cd leads to excessive production of ROS causing cell death due to oxidative stress such as membrane lipid peroxidation, protein oxidation, enzyme inhibition and damage to nucleic acid. Cadmium exerts its toxic effects through its high affinity for sulfhydryl groups in proteins and other biological molecules and induces oxidative stress by inhibiting ROS detoxifying enzymes (Gill et al., 2011; Mohamed et al., 2012) .
To repair the Cd-induced inhibitory effects of ROS, plants employ ROS-detoxifying antioxidant defense machinery which includes nonenzymatic (glutathione, ascorbic acid, tocopherol and carotenoids) and enzymatic [superoxide dismutase (SOD), catalase (CAT), peroxidases (POX)] antioxidants (Noctor et al., 1999; Gill, et al., 2010; Gill et al., 2011) . Cd pollution inducted the antioxidant stress by inducting ROS, at the same time, malondialdehyde (MDA) as the final product of peroxidation of membrane lipids, accumulated in plants.
Although a lot of reports regarding influence of Cd are available, to our knowledge the mechanisms high plants tolerance to heavy metal-stress remained yet not clearly understood.
Wheat (Triticum aestivum L.) is a crop plant of the Poaceae family. Increased cadmium uptake from contaminated soils leads to altered plant metabolism and limits the crop productivity. Keeping in view the importance of wheat as an important yield crop and the Cd-stress being faced by the crop, the present study was designed to test effects of different concentrations of Cd on growth (length), lipid peroxidation (MDA accumulation) and the activity of antioxidant enzymes CAT and POX in growing wheat seedlings.
MATERIALS AND METHODS

Plant Culture and Treatment
The seeds of winter wheat (Triticum aestivum L.) of "Bezostaya" sort were surface sterilized with 0,03% potassium permanganate (KMnO 4 ) solution, then moistened by water during 12 hours. These seeds were germinated on wet filter paper in Petri dishes at 25 0 C in thermostat in the dark for 3 to 12 days. CdCl 2 treatment was performed in Petri dishes by once adding CdCl 2 solution at the concentrations of 25, 50 and 100 M. The etiolated shoots of 3, 6 and 12 daysold plants both control and Cd-treated were harvested and then subjected to biochemical analysis.
Extract preparation
The shoots (500mg) of both control and Cd-treated plants were harvested at respective time period and were homogenized in 5 ml 25 mM cold phosphate buffer [pH 7.0, containing EDTA (1 mM), Triton X-100 (0.5 %)] in a mortar and pestle. All procedures were performed in cold conditions. The homogenate was centrifuged at 12.000  g for 10 min at 4 0 C to remove plant debris. The supernatant was used for assessing the protein content and POX and CAT activities using UV-visible Spectrophotometer (model SF-46, USSR). All enzymatic activities were measured at 25 0 C.
Protein content
The method of Lowry et al. (1951) was followed to estimate protein content in the shoots using bovine serum albumin as standard. A graph of absorbance versus concentration for standard solutions of protein was plotted and the amount of protein in the sample was calculated from the graph. The amount of protein was expressed as mg/g tissue.
Analyses of lipid peroxidation
Lipid peroxidation in shoots was determined by estimation of the MDA content following the method of Costa et al. (2002) with slight modification. Fresh samples of shoots (500 mg) were homogenized in 5 ml of 0.1% trichloroacetic acid (TCA). The homogenate was centrifuged at 10000  g for 5 min.
To every 1 ml of aliquot, 4 ml of 17% TCA containing 0.5 % thiobarbituric acid (TBA) was added. The mixture was heated at 95 0 C for 20 min and then cooled quickly on ice bath. The resulting mixture was centrifuged at 10000  g for 15 min, and the absorbance of the supernatant was taken at 532 and 600 nm. The nonspecific absorbance at 600nm was subtracted from the absorbance at 532 nm. The concentration of MDA was calculated by using the extinction coefficient of 156/ (mM .cm -1 ) and expressed as nmolmg -1 protein.
Antioxidant enzyme activity assays
The supernatant of shoots homogenate was used to assay antioxidant enzymes activity.
2.5.1. Catalase (EC 1.11.1.6) activity:
The method based on the reaction of the H 2 O 2 in a mixture with ammonium molybdate [(NH 4 ) 2 MoO 4 ] proposed by Korolyuk et al. (1988) was used to estimate CAT activity. The change in optical density due to the emergence of complex H 2 O 2 ammonium molibdate is measured spectrophotometrically at 1 st and 10 th min at 410 nm. The assay mixture contained 1ml Tris-HCl (0,02 M, pH (7.4) 2 ml H 2 O 2 (0.03 %), and 0.1 ml enzyme sample. This was incubated for 10 min at 25 0 C in dark, after which the reaction was stopped by adding 1ml of ammonium molybdate (4 %).To the blank 0,1 ml distill water was added at the zero time of the same assay mixture. A decrease in the absorbance of H 2 O 2 within 10 min at 410 nm (E = 22.2 .10 3 mM -1 cm -1 ) was recorded. The CAT activity was expressed in unit activity (UA). mg -1 protein. UA is defined as the change in absorbance by 1 min -1 mg -1 protein.
Guaiacol peroxidase (EC 1.11.1.7) activity
Guaiacol peroxidase was measured using the method of Hemeda et al. (1990) . Peroxidase activity was determined in guaiacol oxidation reaction by optical density changing measured of assay mixture every 20 s for 2 min at 25 0 C and 450 nm. The reaction started since the moment of injection of 1.0 ml 0.3% H 2 O 2 solution into reaction mixture. The reaction mixture contained 1,5ml of 50mM potassium phosphate buffer [pH 6.6 containing 0.1mM EDTA], 1ml of 1% guaiacol, and 1.0ml of 0.3 % H 2 O 2 and the 0.2 ml enzyme aliquot. Instead of enzyme aliquot, 0.2 ml distill water was used in control sample. The enzyme activity was measured by the increase of absorbance at 450 nm caused by guaiacol oxidation (E = 26.6.10 3 mM -1. cm -1 ). All the experiments were performed with three replications.
RESULTS
Triticum aestivum L. plants response reaction to Cdstress was determined based on lipid peroxidation system activity changes in germ cells and seedlings length. It has been shown that Cd-treatment effects on length change of germinated seed shoots during their growth.
The studies carried on growth and antioxidant system parameters indicated significant effects of cadmium treatment in Triticum aestivum L. plants. Effects of CdCl 2 supplement on growth of wheat's shoots were carried on samples of 3-, 6-, and 12-daysold plants. Growth intensity defined by length of etiolated shoots showed significant differences (P< 0, 05) as compared with control, especially at the higher concentrations of supplemented Cd and longer duration of treatment (Figure 1 ). The presence of CdCl 2 in growing environment decreases the length of shoots at all concentrations i.e. 25 M., 50 M. and 100 M of the heavy metal ( Figure 1 ). As it is obvious from represented data that at 3-days-old seedlings length maximum inhibition (41.2%) was noticed at 100 M Cd,. While at 25 M. and 50M. concentrations 12.4% and 23.6% respectively inhibition was seen as compared with untreated plants. Similar was the case with 6-days -old plants, grown under Cd metal stress. Their shoots length was decreased by 21.4 %, 36.2% and 44% respectively for supplemented Cd concentrations as compared with control plants of the same age. Besides, the inhibition of seedlings growth intensity showed clear concentration dependence on the amount of the metal ions existing in the environment (Figure 1) .The least inhibition in shoots growing intensity was recorded among Cd-treated 12-days-old plants. In these plants growth intensity was regained to some extent though it remained lower than in Cd untreated plants (control).
Influence of Cd on the lipid peroxidation
Malondialdehyde (MDA) level is widely used as the indicator of lipid peroxidation. From the data represented on Figure 2 it is obvious that in untreated seedlings MDA amount changes according to the age of shoots. Thus, approximately the same MDA value was recorded in 3-and 6-days-old shoots. In the case of 12-days-old shoots, MDA level was decreased at 35 % compared to the same parameter in 3-days-old plants.
Obtained data showed, that Cd-treatment results by increase lipid peroxidation process activity, which expressed by MDA content increasing.
So, in cells of 3-days-old shoots growing under 25 M. and 50 M. Cd-treatment the MDA amount increases by 1.75-and 1.5 times as compared to control plants. At the same time, in the shoots of 3-days-old plants subjected to 100 M Cd increasing of MDA amount was not observed, which witnessed that lipid peroxidation intensity does not exceed the appropriate control ( Figure 2) .
As it is presented from Figure 2 Cd-treated in 6-days-old shoots also demonstrated high level of MDA, but which was lower, than that of 3-days-old shoots. Thus, at presence of 25 M. and 50 M CdCl 2 in growing environment the MDA level in these shoots increased by 1.55-and 1.27 times respectively as compared with control. In the same age shoots grown under 100M Cd stress MDA amount was 0.13+ = 0.021nmol/mg protein, which was lower than the rate of the respective control.
In subjected to 25 M and 50 M CdCl 2 treatment 12-days-old plants shoots MDA level was slightly increased, and in case of 100 M CdCl 2 double decrease of the same index was registered compared to control (Figure 2) . Therefore, in the etiolated wheat shoots grown in the environment containing 25-100M of cadmium significant increase of MDA amount was registered compared to control. However, in case of 100M Cd, in 12-days-old shoots decrease of intensity of lipid peroxidation was observed. According to obtained data in untreated plants catalase activity was grown according to their age, and in 12-days-old shoots it was for 1.72 times higher than in 3-days-old shoots (Figure. 3). The presence of 25M Cd in the environment causes 28% decrease of catalase activity in 3-days-old wheat shoots as compared to the control. The further increase of Cd amount in the environment of growth up to 100 M, causes decrease of enzyme activity for more than three times compared to the control shoots of the same age (Figure 3) .
In 6-days shoots, all the applied amounts of cadmium also suppress the activity of catalase compared to untreated 6-days-old shoots; however, in the experimental plants according to the growing age, increase of the catalase activity was registered.
So, based on obtained data it is possible to conclude: in the presence of 25-100 M Cd in the environment of the growth, in the experimental plants decrease of catalase activity is registered. Besides, parallel to the increase of supplemented Cd concentration, enzyme activity decreases in the tested wheat shoots of the same age. At the same time, the catalase activity showed trend for increasing for each Cd concentration, according to the age of the shoots.
Influence of Cd the activity of guaiacol peroxidase (GPX)
Guaicol-peroxidase activity was found to increase at all Cd concentrations and exposure durations. In wheat shoots, the activity of GPX has shown that in 3-, 6-and 12-days-old control shoots the enzyme activity is almost the same and makes up 1.3-1.4 UA (Figure 4) .
As shown in Figure 4 , upon Cd expose, there were significant changes in GPX activity in examined seedlings, compared with control. Activity of GPX in 3-and 12-days-old shoots was found to increase at 25 M Cd, which was 1.43-and 2.53 times higher than in control, respectively. In the wheat shoots grown in the presence of 50M and 100 M of Cd, GPX activity was increased as compared to control. However, the highest activity was registered in 6-days-old shoots. As a result of analyzing the given data, we can conclude that with the growing age of the wheat shoots the activity of GXP increases. Moreover, with the increase of shoots age, the maximum amount of enzyme transfers to the sector of the lower concentrations of Cd. The high activities of POX appeared to be involved in effective scavenging ROS generated by Cd treatments. 
DISCUSSION
Heavy metals toxicity in plants has emerged as an important field of research in recent years as a result of the increased environmental pollution (Mohamed et al., 2012; Amirajani, 2012; Sharma et al., 2014) . The results of the present study revealed the toxic effects of Cd metal on wheat plants growth and the role of antioxidant defense system to protect the plants from metal toxicity.
According to obtained data Cd toxicity induces decreased shoot length in all seedlings, but in the course of time (6-12 days-old shoots) the growth intensity showed trend for slight increasing.
Reduced shoots length and weight in winter wheat (Triticum aestivum L.) and canola (Brassica napus L.) plants subjected to cadmium metal toxicity have been reported (Kolesnichenko et al., 2009; Lamhamdi et al., 2011) . Similar was the observation in lead-stressed wheat seedlings, in which metal application led to an increase in activities of SOD, CAT, APX and MDA in seedling extracts at different concentrations of metal (Lamhamdi et al., 2011; Khan et al., 2007) . Obtained data indicated that MDA level in the presence of 25 M of Cd increases for almost twice in 3-days-old shoots and a little bit less -for 1,5 timesin 6-days-old shoots. The used highest concentration of Cd -100M -does not exactly changed MDA amount in young, i.e. 3-days shoots compared to control, and in 12-days seedlings, it even causes almost double decrease of its level compared to control. Comparing obtained results of MDA level and catalase activity in Cd-stressed plant shoots, we can notice that the comparatively high level of MDA in the shoots being in early phase of their growth is correlated to the suppression of catalase activity in the shoots of the same age. In the course of time (6-12 days), data about the increase of the catalase activity correspond well to slowdown of MDA level in the shoots of the same age.
The data obtained in the current study showed the increase of lipid peroxidation measued by enhanced Cd supply is in good correlation with data observed in previous works (Milone et al., 2003; Ahmad et al., 2009; Amirajani, 2012) .
Fig. 4: Effect of Cd-treatment on the GPX guaiacol peroxidase activity of wheat
In plants submitted to metal stress, CAT and GPX act as a defense mechanism which gets activated (Lamhamdi et al., 2011; Amirajani, 2012) The response of antioxidant enzymes differed to Cd-stress in wheat seedlings. Thus GPX activity was distinctly high at all Cd concentrations, whereas CAT activity was decreased (Figure 3 and 4) .
Increase in activities of antioxidant enzymes viz. catalase and guaicol-peroxidase under Cd-stress in present study is consistent with the studies (Lamhamdi et al., 2011; Amirajani, 2012) in which seeds Triticum aestivum L. were grown under CdCl 2 stress and antioxidative enzymes activities were found to increase in 3-7-days old shoots.
Similar results are registered in works by Kolosnichenko (2009) in etiolated wheat and barley 7-14-days-old shoots, in the presence of high Cd concentrations.
There is little information in literature concerning the relationship between plant's age and its Cdtolerance. Now it is known that the capability of plants to accumulate Cd can be changed during the ontogenesis (Vassiliev et al., 1998; Kaznina et al., 2010) . Particularly, the examination of age effects of Cd accumulation and its distribution according to plant organs made on barley shoots has made it clear that in more mature plants, the amount of cadmium passing from the root to the stem decreases on account of the intensification of barrier function (Vassiliev et al., 1998; Kaznina et al., 2010) . Probably, this can explain the obvious decrease of MDA accumulation in wheat shoots related to the plant age.
CONCLUSION
Cadmium, the most abundant and high toxic nonessential heavy metal is well known for its negative influence on the enzymatic system of cells, oxidative stress and inducting nutritional deficiency in plants. The physiological mechanism referring plant tolerances to heavy metals toxicity are still not well understood. From above studies we conclude that activation of wheat shoots cells antioxidant defense systems under Cd metal stress signifies the toxic effects of this heavy metal. The increase in Cd concentration decreased the biomass (length) of wheat seedlings, as well as increased activities of catalase and guaiacol-peroxidase. The high activities of CAT and GPX in Triticum aestivum L. plants appear to be involved in effective scavenging ROS generated by Cdtreatment. Differences of wheat shoots response to harmful effects of Cd, probably may be related to ontogenetic differences of different age plants, as well as to non-similar effectiveness of their adaptation mechanisms. This may be also attributed to restricting the entry of Cd from roots to shoots, and its accumulation in roots depending on plants age.
The decrease of the wheat seedlings length, increase in MDA amount and in CAT and GPX activity under Cd stress in present investigation signifies the toxic effects of this heavy metal. Differences of wheat shoots response to the influence of Cd can be related to the ontogenetic difference of resistance to the heavy metal, as well as to nonuniform effectiveness of adaptation mechanisms of plants being in different phases of development.
